Abstract We examined whether the impact of medical interpretation services was associated with the receipt of a mammogram, clinical breast exam, and Pap smear. We conducted a large cross-sectional study involving four Asian American and Pacific Islander (AAPI) communities with high proportions of individuals with limited English proficiency (LEP). Participants were recruited from community clinics, churches and temples, supermarkets, and other community gathering sites in Northern and Southern California. Among those that responded, 98% completed the survey rendering a total of 1,708 AAPI women. In a series of multivariate logistic regression models, it was found that women who typically used a medical interpreter had a greater odds of having received a mammogram (odds ratio [OR]=1.85; 95% confidence interval [CI]=1.21, 2.83), clinical breast exam (OR= 3.03; 95% CI=1.82, 5.03), and a Pap smear (OR=2.34; 95% CI=1.38, 3.97) than those who did not usually use an interpreter. The study provides support for increasing language access in healthcare settings. In particular, medical interpreters may help increase the utilization of breast and cervical cancer screening among LEP AAPI women.
Introduction
Asian Americans and Pacific Islanders (AAPIs) are some of the fastest growing minority groups in the USA, with California home to the largest numbers of AAPIs (4.8 million) in the country. For all AAPIs, cancer constitutes the leading cause of death [1] , with breast cancer the leading site for cancer incidence and mortality for AAPI women [2] . Compared with all other racial groups, Pacific Islanders in California possess the second highest age-adjusted mortality (33.4 per 100,000) for breast cancer [3] . With regards to cervical cancer, incidence rates among Southeast Asian women are three times higher than non-Hispanic white women in the USA [4] . These figures provide support for increased attention to breast and cervical cancer among AAPI women. However, there is limited research available regarding Cambodian, Laotian, Thai, and Tongan communities.
Language Access
The AAPI population has been characterized as "linguistically isolated" based on estimates indicating that, out of all racial groups, they have the highest percentage (34%) of individuals aged 14 years or older who speak English less than "very well" [5] . These language barriers have been shown to challenge their ability to seek healthcare [6, 7] . In particular, studies have shown that limited English proficiency (LEP) can negatively influence healthcare utilization and subsequently result in adverse outcomes. Language barriers play an enormous role in determining patientphysician trust, quality, and accuracy of medical care [7] [8] [9] [10] [11] [12] . In addition to the hindered communication, AAPI LEP individuals have been found to have lower income, less formal education, and poor insurance status, all of which have been linked to decreased visits to the physician [7, 11, 13] . Cultural differences may significantly impact medical beliefs and practices. For instance, Western-trained healthcare providers might disregard Asian or Eastern medicine when treating patients due to cultural differences. Compounded with the fact that many LEP individuals are unfamiliar with the American health system, miscommunication may often occur between patients and providers, leading to unsatisfied or confused patients and potential health risks [6, 7, 11, 14, 15] . According to the US Department of Health and Human Services, language access standards for LEP patients include ensuring language assistance services such as medical interpreters and translated patient-related documents in health care settings [16] . Unfortunately, medical interpreters are rarely available to LEP patients. A survey of 86 public and private hospitals found that approximately 11% of all patients are in need of interpretive services [17] . Despite the demand, however, it has been estimated that less than 25% of hospitals provide medical interpretation training for their staff and less than 11% provide training for their volunteers [17] . With a limited number of trained medical interpreters available in medical care settings, patients are likely to receive no medical interpretation or to communicate through ad hoc interpreters such as family members or friends [18] . Using untrained interpreters can increase the risk of errors in translation, such as omission, addition, condensation, and substitution, which can have detrimental health and legal consequences, including misdiagnosis, inaccurate treatment, and failure to follow-up on appointments [19] [20] [21] [22] . Finally, it has also been shown that LEP patients who are not provided with interpretive services and rely on ad hoc interpreters are less satisfied with their health care interactions and have worse health-related outcomes compared with patients who use trained medical interpreters [23] .
Breast and Cervical Cancer Screening AAPI women, in aggregate, exhibit lower rates than other ethnic groups in receiving mammograms and Pap smears, which are vital in early cancer detection and treatment. This lower rate of screening partly contributes to growing trends in breast and cervical cancer mortality for AAPI women [12, 24] . Reasons for such low screening rates include reports of dissatisfaction with healthcare experiences, economic burden, being uncomfortable with physician/staff members, distrust of medical procedures, inability to understand treatment/prescription instructions, cultural taboos associated with "feminine problems," and lack of knowledge regarding Western medical "culture" and practices [18] . A common contributing factor in all of these issues is the lack of language access in healthcare settings [6, 7, 12, 15, 21, 25] . To further examine the link between language access and health utilization, the present study evaluates whether medical interpretation is associated with prior receipt of mammograms, clinical breast exams (CBE), and Pap smears among four groups of AAPI women (Cambodians, Laotians, Thais, and Tongans). It was hypothesized that those who reported regular use of medical interpretation would have greater odds of having received both breast and cervical cancer screenings.
Methods

Measures
The PATH for Women ("Promoting Access to Health for Pacific Islander and Southeast Asian Women") project planning team (including principal investigator, project staff, and evaluation consultants) developed baseline survey questions that evaluated the following: (1) demographic characteristics for each community, (2) healthcare access indicators (e.g., insurance status, location of medical care, gender, and ethnicity of doctor), (3) language access (whether or not the participant ever wanted or requested an interpreter), and (4) breast and cervical cancer knowledge, attitudes, beliefs, and behaviors. Several of the survey questions were extracted from existing standardized questionnaires including the National Health Interview Survey and the California Health Interview Survey. A completed draft of the survey was reviewed by the PATH for Women partners for relevance, comprehensiveness, applicability, and validity. Any discrepancies or issues of wording were discussed and resolved to produce a final survey of 93 questions [26] .
Sample
The PATH for Women study was undertaken to investigate and help eliminate the problem of low breast and cervical cancer screenings in several AAPI communities. In order to reach these underserved ethnic populations, a sampling plan was developed to capture all the important demographic characteristics of the Cambodian, Laotian, Thai, and [26] ). Of those contacted by the interviewers, 98% completed the survey. Respondents were compensated with grocery gift certificates equivalent to 20 dollars for their participation.
The study protocol was approved by the University of California, Los Angeles (UCLA) Human Subjects Institutional Review Board (IRB; No. G02-07-107-01), and verbal consent was provided by all of the participants. Bilingual community health workers who were trained in survey administration and completed UCLA's online IRB training conducted face-to-face interviews in the language most preferred by the participant. The survey questions were translated by bilingual study interviewers into Cambodian, Laotian, Thai, and Tongan and reviewed by community advisory communities for accuracy and discrepancies. The translated survey drafts were also reviewed by bilingual community-based staff members in each survey administration site to ensure equal applicability across the geographic areas [26] . Culturally tailored prompts were developed to help interviewers provide clear, accurate, and understandable descriptions of all medical concepts and terminology contained in the survey.
A total of 1,825 individuals were interviewed, but 117 surveys were excluded from the analysis. Medical interpretation served as the primary grouping variable, so participants who did not provide a response for this grouping variable were excluded (n=117). The final sample included 1,708 foreignborn Cambodians (n = 344), Laotians (n = 353), Thais (n=725), and Tongans (n=286).
Variables
Respondents were asked if they had ever received a mammogram, clinical breast exam, and Pap smear in their lifetime. Dichotomous responses on these three questions served as dependent variables in the multivariate analyses. The regular receipt of medical interpretive services served as the primary grouping variable. As part of a series of questions pertaining to their regular medical provider, participants were asked, "Who usually interprets for you?" The responses were initially coded into ten categories but then collapsed into four for analysis: (1) "None" indicating no one usually provided interpretation, (2) "Family or friends" including a child family member, an adult family member, or friend, (3) "Bilingual staff" including a staff member at the medical site or a bilingual staff member at the medical site, and (4) "Medical interpreters" including professional medical interpreter paid for by the client, professional medical interpreter paid for by the doctor or hospital, or telephone language line. If the participant did not have a regular provider, then the subsequent questions including the one pertaining to interpretive services were relative to their most recent visit.
Sociodemographic and additional language access variables were included in the analyses as potential confounders. Sociodemographic variables included age in years, years living in the USA, level of education, employment status, ability to pay for necessities, ethnicity, marital status, and medical insurance status. Language access variables included the language that the participant preferred to speak during their visits and exposure to information regarding breast and cervical cancer. For the language preference variable, respondents were asked, "What language do you prefer to speak to your doctor or medical provider?" Responses were dichotomized into two, those who preferred to speak English and those who did not. Finally, participants were asked, "In the past two years, what sources of information for breast and cervical cancer have you been exposed to?" Responses were grouped into four categories: (1) health education sources (such as educational brochures or pamphlets and community outreach workers), (2) mass media outlets (such newspapers, radio, and television), (3) family/friends, and (4) health providers.
Data Analysis
Data were entered, cross-checked, and analyzed in SPSS 14.0. One-way analysis of variance (ANOVA) and chisquare statistics were conducted to compare the four medical interpretation groups on relevant sociodemographic variables. Cohen's effect size estimate d was calculated for all ANOVAs and w for all chi-square statistics [27] . For descriptive purposes, d=0.20, 0.50, and 0.80 and w=0.10, 0.30, and 0.50 were defined as small, medium, and large effect sizes, respectively.
Missing data were excluded for bivariate analyses. However, prior to multivariate analysis, an imputation procedure for missing data replacement was conducted for the missing points using the software program NORM. According to Cole [28] , missing data are usually dealt with by either deleting all cases with missing data from an analysis (i.e., casewise or pairwise deletion) or by replacing all missing values for a variable with the variable's mean. However, each of these approaches suffers from practical and theoretical problems. In particular, casewise and pairwise deletion can lead to the loss of statistical power while mean replacement shrinks the variance of a variable and can lead to more significant group differences as well as attenuated correlations [29] . Therefore, a process called Bayesian imputation [30, 31] was used for the current study. Bayesian imputation is a process that imputes values that preserve the covariance matrix and mean vector of the data, including a degree of random error that matches the observed data. With large databases, one will often extract several databases from the multiple imputation process and run analyses on all of the data bases; however, Rubin and Schenker [32] have demonstrated that a single-step (i.e., one database) Bayesian imputation works well in most cases with clinical data.
All pertinent independent and dependent variables within the database that had less than 30% missing were imputed to replace missing values. Language preference, use of interpretive services, source of health information, insurance status, and questions regarding breast and cervical cancer screenings were subject to imputation. Those variables with more than 30% of the data missing were considered too many to impute and were therefore excluded from the study.
A systematic check for all statistical assumptions was conducted prior to analysis. Descriptive statistics were examined for both continuous and categorical variables including means, standard deviations (SD), minimum and maximum values, and skewness and kurtosis z-scores were reviewed. For categorical data, frequency and percentage values were reviewed for each variable. The data were also checked for multicollinearity.
Descriptive statistics were also run on all pertinent variables in the model to review general distributions. Multivariate logistic regressions were performed to examine the influence of language ability and interpretive services on receipt of a mammogram, clinical breast exam, and Pap smear in their lifetime after controlling for relevant confounding variables. Subsequently, the odds ratios and confidence intervals were evaluated for significant effects. To examine whether the geographic location of the survey had an impact on the results, sensitivity analysis was performed including site as a covariate. This variable was found to be nonsignificant and excluded from the model.
Results
Participants were categorized into four groups based on who usually provided language interpretation during their medical visits: "none" (n=757, 44.3%), "family or friends" (n=380, 22.2%), "bilingual staff" (n=351, 20.5%), and "medical interpreter" (n=220, 12.9%). Sociodemographic characteristics were compared across the four groups, and the corresponding results are provided in Table 1 . Significant differences were found on all of the sociodemographic variables, but the largest effects were found on age, education, and ethnicity.
The mean age of the sample was 49.9 (SD=11.6). Those who used a medical interpreter and family or friends were on average about 3 years older than those who used bilingual staff and 6 years older than those who did not use interpreters. In addition, years in the USA was associated with the language interpretation categories. Approximately 25% (n=172) of those who resided in the USA between 0-10 years (n=402) had reported not using an interpreter. Most participants in the sample had reported living in the USA between 11 to 20 years (n=712, 42.3%). Of this group, approximately 40% had reported not using an interpreter (n=282). Finally, among the AAPI women in the sample with over 20 years residency in the USA (n=570), approximately 52% has reported not using an interpreter (n=294).
Education varied across the groups. Approximately 31.9% of those in the none group had gone to college, university, or vocational school, whereas only 6% of those in the family or friends, 3.2% of those in the bilingual staff, and 2% of those in the medical interpreter groups had received a similar level of education. About half of the sample had difficulty paying for necessities and were unemployed at the time of the interview while more than half of sample were married and had some form of medical insurance. The Thais were the largest AAPI group represented in the sample, followed by Laotians, Cambodians, and Tongans. Medical interpreters had been frequently used by 47.7% of Cambodians, but this was less common in the other groups: 27.7% for Laotians, 23.6% for Thais, and 0.9% for Tongans. Table 2 provides frequencies and percentages for the language access variables across the four groups. Three fourths of the sample preferred to speak a non-English language with their medical provider, and this proportion varied significantly across the groups. A large proportion of those in the bilingual staff (94.3%), medical interpreter (93.6%), and family or friends (88.9%) groups preferred to speak non-English with their doctor or medical provider. Furthermore, over half (54%) of those who preferred to speak a non-English language with their doctor or medical provider did not use any type of interpretation. In the total sample, there was a high rate of exposure to information about breast and cervical cancer from family/friends (57.7%), but only 39.3% had received cancer-related information from mass media outlets; 36.5% received information from health education sour-ces (36.5%) and 18.4% from health providers. Those who used medical interpreters were the least likely to have received breast and cervical cancer information from health education sources (26.4%), mass media outlets (29.1%), and family/friends (52.7%) than any other group, and differences on these variables were statistically significant but small in magnitude. Table 3 provides frequencies and percentages for health utilization grouped by use of interpretive services. In the total sample, 55.7%, 68.9%, and 72.8% had reported the receipt of a mammogram, CBE, and Pap smear, respectively. Those who used medical interpreters had the highest percentage of mammograms (66.8%) and CBEs (82.3%) compared with the other groups (none, 49.9%, 62.1%; family or friends, 55.8%, 63.2%; bilingual staff, 62.1%, 81.5%). Those who used bilingual staff members had the highest rate of Pap smears (85.8%) compared with the other groups (none, 65.1%; family or friends, 77.1%; medical interpreters, 81.8%).
To further determine the importance of interpreters in accessing screening services after controlling for relevant confounding variables, multivariate logistic regression models were run (see Table 4 ). Age, years living in the USA, ethnicity, language preference, source of information on cancer, and medical interpretation services were significant predictors of mammograms. Years living in the USA, education, ethnicity, marital status, insurance status, source of information on breast and cervical cancer, and medical interpretation were significant predictors of CBEs. Age, years living in the USA, ethnicity, marital status, insurance status, language preference, source of information on breast and cervical cancer, and medical interpretation were significant predictors of Pap smears. Separate analyses revealed that those who used medical interpreters had 1.85 greater odds of a mammogram, 3.03 greater odds of a CBE, and 2.34 greater odds of a Pap smear than those who did not use any type of interpreter after controlling for other 
Discussion
From our study, AAPI women clearly face enormous barriers to health care due to language. Although there is a growing body of literature on medical interpretation, existing studies have focused mainly on Spanish-speaking populations, and few studies have included LEP women from the AAPI community. To our knowledge, this study represents the largest sample of AAPI women in the medical interpretation literature. Our investigation found that 75.2% of the AAPI women sampled preferred to speak a language other than English with their doctor or medical provider. Among these women (n=752), 31.8% did not use any kind of interpretation and 44.9% used ad hoc interpreters such as family and friends. Therefore, over three fourths of AAPI women who prefer to speak nonEnglish with their provider did not regularly communicate using a bilingual staff member or a medical interpreter. The national health promotion and disease prevention objectives, under Healthy People 2010, has established a specific target for increasing the proportion of women aged [24] . In the current sample, the proportion of those who had received a mammogram, CBE, and Pap smear was 55.7%, 68.9%, and 72.8%, respectively, rates which fall far below the national objectives. The results also indicated that women utilizing medical interpreters were between two to three times greater odds of screening than those who did not. The regular use of bilingual staff members to provide interpretation services was also associated with greater breast and cervical cancer screening among AAPI women. The differences between using medical interpreters versus bilingual staff on patient satisfaction and medical outcomes requires further investigation, including issues related to costeffectiveness and staff efficiency. We must note that there are limitations to the study. While the overall sample size is strong, this study only represents a convenience sampling of women in the targeted communities and may not be generalizable to other AAPI communities. The study data, as well, is crosssectional and limits our examination of screening behavior to one point in time and does not allow us to examine the influence of language and interpretive services on cancer screening. It is important to note that the results of this study do not conclude a causal relationship between the use of medical interpreters and cancer screening rates. The survey design and translation are also issues which may limit the generalizability and comparability of findings. While particular questions were taken from standardized surveys, such as the National Health Interview Survey and the California Health Interview Survey, some of the questions could not be asked verbatim because they may have been considered inappropriate. For example, one of the survey questions asked if survey respondents "were employed last week." However, our community partners discussed how this was a very invasive and insensitive question which should not be translated literally. Rather, they suggested that we translate the question and phrase it as "what where you doing last week" and pose answer options in correlation with employment. In this manner, our community partners felt the question was more sensitive and would elicit honest responses without creating pressures about the need to be employed by community members. In addition, the cognitive equivalence of some questions occasionally required changing the wording for the interview to make them more understandable to the respondent. Therefore, in cases where the literal translation would have expressed a different meaning than intended, questions and answer options were discussed to assure a meaningful translation was conveyed. Lastly, in asking our questions about professional medical interpretation services, we did not specify a definition for a trained professional interpreter, nor did we evaluate the levels of training that the medical interpreter had; therefore, respondents may have had a different understanding of what was meant by the term "professional" and possibly used an interpreter with difficulty understanding medical terms. To account for this, "professional medical interpreters" were more broadly categorized as "medical interpreters." The survey also did not identify whether the healthcare provider spoke their native language and whether the screening service occurred in this country or in their country of origin. In addition, although the current study presents the use of interpretive services in conjunction with English proficiency, equivalency is not assumed between these two variables.
Future studies should devote attention to these issues, as well as assessing the economic costs and benefits for interpretive services on breast and cervical cancer screening outcomes (including follow-up care and treatment). A regular repeated screening as an outcome variable to understand factors related to long-term screening adherence would add knowledge about AAPI medical implication. Additional research could focus on the last recent visit with the HCP and the language and interpreter, as well as a closer look at a closed system of care (i.e., one medical setting or HMO or randomized trial of types of interpreters). In addition, there are several other factors that could be evaluated as predictors of cancer screening behavior among SEA and PI women including knowledge, attitudes, and beliefs regarding screening, physician recommendations, and culturally specific customs. They should also be strongly considered for future research. The importance of language access in healthcare settings has been a growing issue. Title VI of the Civil Rights Act of 1964 stipulated that "no person in the United States shall, on the ground of race, color, or national origin, be excluded from participation in, be denied benefits of, or be subjected to discrimination under any program or activity receiving federal financial assistance" [33] . In accordance with this Act, many hospitals are obligated to provide interpretive services to linguistically isolated patients [12, 22] . While this is the mandate, few hospitals and medical providers provide language access services (such as trained interpreters) for their patients.
AAPI women are severely underrepresented in language access research [13, 15, 34, 35] . Considering the increasing prevalence of breast and cervical cancer among this population, we believe it is crucial for health care organizations to provide language access services to promote early detection and decrease mortality. Our study adds to the limited, but growing literature on breast and cervical cancer screening among underserved AAPI subpopulations [6, 7, 15, 20, 24, 25, 34, 36, 37] . Formally training bilingual medical providers along with other important ancillary staff (including bilingual and bicultural patient navigators) should be an important component for programs that aim to reduce cancer and other health disparities for LEP AAPI and other medically underserved communities.
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